lateral masses. Thereafter, this technique was also used in C7 and upper thoracic spine as a salvage procedure at first (11, 17) , especially in pediatric patients because of their small anatomy (3, 33) . Usage of this technique increased as a first choice method in time because it is a simple technique and its risk of vascular and neural compromise is low.
█ INTRODUCTION
V arious posterior screw fixation methods have been described for axis such as transarticular, pedicle, pars and lateral mass screws; for subaxial cervical spine such as lateral mass and pedicle screws; and for upper thoracic spine such as pedicle screws. In 2004, Wright described a new screw technique for C2 stabilization as a translaminar screw, also called a laminar screw (34) , as a salvage method in the patients with thin pedicles and small AIM: To evaluate the results of patients who underwent axial, subaxial and upper thoracic laminar screw fixation for posterior stabilization.
MATERIAL and METHODS:
The patients who underwent laminar screws at the cervical and upper thoracic levels in our clinic in a 5-year period were evaluated retrospectively.
RESULTS:
A total of 54 laminar screws were used in 25 patients, aged between 6 and 82 years. The most frequent diagnoses were cervical spinal stenosis and craniovertebral junction anomalies. There were handicaps to perform other type of screws in 19 out of 25 screws during the first 4 years, and 9 out of 29 in the last year (p=0.0009). Two modifications were performed in some cases. In 4 segments with thin lamina, a shorter screw was used to leave clear the thinnest part, and in 3 C2 levels with almost full-length bifid spinous process, shorter screws were inserted from the medial sides of the bifid processes with a more vertical orientation. There was ventral cortex penetration in 11 screws without new neurological deficits. One of them was removed because of its full thickness insertion into the spinal canal. The fusion rate was 75% in 16 patients who were radiologically followed for longer than 6 months. In one patient out of 4 without fusion, the unilateral screw was loosened, and in others the laminar screws were not loosened.
█ MATERIAL and METHODS
We screened the screw methods used in our patients who underwent occipitocervical, upper cervical, cervical or cervicothoracic posterior stabilization during 5 years, between January 2012 and December 2016. In this time period, the posterior stabilization system, including at least one segment between C2 to T2, was performed in 67 cases for treatment of various disorders. In 25 out of 67 cases (congenital anomalies (24%), degenerative diseases (32%), trauma (28%), infection (8%), tumor (4%), deformity (4%)), bilateral or unilateral laminar screws were placed into one or more segments between C2 to T2. Hospital inpatient and outpatient charts and radiological investigations present in the archive records of these 25 patients were evaluated retrospectively, and their demographic data, primary disorders, performed operations, perioperative complications, the length and diameter of the screws, and the last follow-up data were recorded.
The width and length of the lamina where the laminar screw was performed were measured on the preoperative axial sections of spinal computed tomography (CT) ( Figure 1A , C), and height was measured on the midline sagittal reconstruction of CT ( Figure 1B ). The width of the lamina was measured as a width in its thinnest part, and the length was measured from the junction of the contralateral lamina and spinous process to the junction of the ipsilateral lamina and lateral mass ( Figure  1C ). In addition, the laminar angle was measured between the line of length of lamina and vertical line ( Figure 1D ). For C2, C7 and T1 levels, pedicle width, height and length were also measured (Figure 2A-C) .
Statistical Analyses
Chi-square test or Fisher exact test was used to compare nominal variables according to their subject number. F test and Student's t-tests were used for countable variables. A p value <0.05 was accepted as significant. █ 
RESULTS

Demographic Data and Diagnoses
There were 25 patients who underwent bilateral or unilateral laminar screws into at least one segment between C2 to T2. They were between 6 and 82 years old (49 ± 18, mean ± SD), and the male/female ratio was 18/7. The most frequent diagnoses were cervical spinal stenosis and craniovertebral junction and upper cervical anomalies. The diagnosis of the patients, stabilized segments and the levels that underwent laminar screws are shown in Table I .
Screw Levels and Some Modifications of the Technique
A total of 54 laminar screws (32 into C2, 1 into C5, 3 into C6, 16 into C7 and 2 into T1) were used in 25 patients. Six of them were unilateral (2 C2 screws, 2 C7, one C5 and one C6), and the others bilateral. Screws were 3.5 or 4 mm in diameter, and 14 to 30 mm in length. 
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The thickness, height and length of the laminas and pedicles of the segments where laminar screws were used are shown in Table II . In the 25 sites of C2 or C7 levels that laminar screws were used, pedicle thickness or height was not suitable to perform a pedicle screw procedure, or there was a high and/ or medial coursing vertebral artery (for C2). In the 4 C5 or C6 levels where laminar screws were used, lateral masses were too small (3) or were broken during surgery (1). In the 12 sites out of 32 for C2, 11 sites out of 16 for C7, and 2 sites out of 2 for T1, laminar screws were used although there was no handicap to using a pedicle screw. The difference of rate of use of laminar screw without any pedicle anomaly was not statistically significant between the C2 and C7 levels (p=0.41).
Laminar screws were placed unilaterally in 6 segments (3 C2, 3 C7) because the other lamina was thinner than 4.5 mm. A unilateral laminar screw was used in 3 of them and a pedicle or lateral mass screw was used at the other side, while the shorter screw was placed in 3 to leave clear the thinnest part that was located at the lateral part of the lamina ( Figure 3 ). In a C6 segment, both laminae were thinner than 4.5 mm, and 
Diagnosis n (%) Stabilization (n) Levels of laminar screws (n)
Congenital anomalies 6 (24)
C2 (9) C5 (1) C6 (2) C7 (1) Degenerative diseases 8 (32) A-SA (6) SA-C7 (2) C2 (11) C7 (4)
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was inserted after its removal because of laminar fracture but posterior stabilization system loosening developed 8 months later and revision was required. In the other 10 screws (C2: 4, C7: 6), there was minimal bone cortex penetration (<2 mm) through the spinal canal. None of them caused any complication, and none was removed. The malposition risk (consisting of minimal bone cortex penetration also) was not significantly different between C2 and C7 screws (p=0.089). None of the variables (laminar thickness, height, length, or angle) was statistically different between the levels with or without malpositioned screws.
One patient who was tetraplegic due to cervical spinal cord injury died 6 days after the operation. One patient died 2 months after the operation due to pneumonia. He had tetraparesis with 1-2/5 motor strength due to spinal traumabased cervical spinal stenosis but his tetraparesis had improved and he could mobilize with a walker one month after the operation. The other 23 patients were followed for 2 to 49 months (12.3 ± 10.9 months, mean ± SD). In a patient where C3 to C7 posterior stabilization was performed after posterior decompression of the spinal canal for cervical spinal stenosis, C3 and C4 lateral mass screws loosened after 15 months but the C7 laminar screws did not loosen. In 2 patients with craniovertebral junction anomalies, fusion did not develop and a second operation was necessary 14 and 20 months after the operations, respectively. With the patient whose one C2 laminar screw was removed because of malposition, there were a total of 4 patients in whom fusion did not develop. In the other 2 patients who had been operated 12 and 8 months previously respectively, there were no follow-up radiologic investigations except early postoperative control CTs because they lived in other cities. However, they declared during the phone interview that they had no complaint. Follow-up of other patients was uneventful. There were 16 patients who were followed radiologically longer than 6 months and in 12 of them, except the 4 mentioned above, fusion had developed at their last follow-up (75%). In 3 of the 4 patients without fusion, laminar screws did not get loose. The C2 laminar screw was loosened in only one patient with unilateral C2 screw due to the removal of the other one because of misplacement. In 5 cases, the follow-up period was shorter than 6 months and fusion had not developed yet. a unilateral short lateral mass screw was inserted into the lamina.
The laminar height in the midline was less than 9 mm and did not allow crossing the screws in the midline in 2 cases. In these 2 patients and in another one who underwent C2 laminar screws, insertion of bilateral screws was very difficult because the spinous process was bifid in almost its full length ( Figure 4A) . A modification of screw technique was performed with a more vertical orientation and shorter screws. In these cases, screws were inserted from the medial sides of the bifid spinous processes instead of the lateral sides by removal of the tip of the bifid spinous process ( Figure 4B ).
Complications and Follow-up
Only one screw was removed because of full thickness insertion into the spinal canal. This was a C2 screw, and there was no new neurological deficit due to this malposition. No new screw It has been demonstrated that the technique provided comparable stability and fixation in terms of insertional torque, pullout strength, and resistance to flexion and extension, but there may be a little less resistance to lateral bending at the C2 level (2,5,6,10,18). Ilgenfritz et al. found in a biomechanical cadaveric study that C7 laminar screws were as strong as C7 pedicle screws and significantly stronger than C2 laminar screws (14) . Similarly in our study, it was found that the C7 screws were stronger and revision was required for C2 screws. McGirt et al. reported that upper thoracic laminar screws are almost as stable as pedicle screws to stabilize the cervicothoracic junction (22) .
There have been varying reports in the literature regarding the minimum diameter of the lamina of C2 level needed to safely place laminar screws. Mandel et al. reported that at least 5 mm laminar diameter was required (21) while Pelton et al. proposed that a diameter of 4 mm is sufficient (26). Ma et al. reported in a study including 120 cadaveric specimen of the Asian population that 14.2% of specimens had laminae of insufficient size (<4 mm) for screw placement at least on one side (20) , and 5% of the specimens had thinner laminae bilaterally. In the radiological study by Saetia and Phankhonksab (27), 79% of adults had C2 lamina with an inner transverse diameter larger than 3.5 mm allowing screw placement. Ilgenfritz et al. reported in a radiological study again that the majority of C7 laminae were suitable for the placement of bilateral laminar screws (14) . Hu et al. reported that most T1 to T3 segments had adequate laminar height and width to place bilateral laminar screws in adults (12). Molina et al. found that 78% of upper thoracic laminae could accept a 4.0-mm screw with 1.0 mm of clearance in a study on 52 children (24) .
In our country, the posterior cervical screw-rod systems in the market have screws with 3.5 or 4 mm diameter, and we accepted as safe to perform screws in laminae >4.5 mm in diameter. In our study, a unilateral screw was used (C2: 2, C5: 1, C6: 1, C7: 2) because of thinner laminae in the other side in only 6 segments.
The frequency of usage of laminar screws in our clinic was increased in time during the study period. We performed laminar screws in one case in each of first and second years, in 3 cases in the 3 rd year, in 6 cases in the 4 th year, and in 14 cases in the last year ( Figure 5 ). Besides, while the levels were not suitable for other screw types in 19 screws out of 25 performed during the first 4 years of the study, this rate was 9 of 29 in the last year (p=0.0009). The rate of screw malposition was not statistically different between these two periods (3/25 and 8/29 respectively, p=0.19).
█ DISCUSSION
The laminar screw method was first described for C2 fixation as a salvage procedure in challenging cases with thin pedicles and small lateral masses to prevent vertebral artery injuries by Wright in 2004 (34) . The laminar screw technique has some advantages such as little risk to the vertebral artery in the operation for C2 to C6 screws, technical simplicity and no absolute need for fluoroscopy during surgery (32). Use of the technique increased in time in cases not only with severe deformities and altered anatomy, but also in cases with normal anatomy (4), and it was used in not only C2 but in C7 and upper thoracic levels, and even in other subaxial levels as well. 
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screws were used with a more vertical orientation. Kabir and Casey reported a similar technique to solve the problem of difficulty in bone graft placement due to the position of the head of C2 laminar screws, and they recommended insertion of the unilateral screw in that technique (16) . However, in our modification in the cases with almost full bifid C2 spinous processes, the base of the spinous process was already wider and bilateral screws could be performed after removal of the two tips of the spinous process.
The most frequently seen complication of a laminar screw is medial cortical breach. Ma et al. reported a high rate of misplaced screws with 10 cortical breaches in their study of 68 translaminar screws (19) . There is a risk of spinal cord injury in a ventral cortical breach (13) . However most of these malpositions are asymptomatic and do not cause any serious consequences or weakness of the hardware. Parker et al. reported a lower rate of malposition for laminar screws than for pedicle screws at the C2 level (1.3% translaminar breach versus 7% pedicle breach) (25) . In our series, 11 out of 54 screws penetrated the ventral laminar cortices. There were no neurological deficits due to screw malposition. Only one of them was removed because it entered with full screw thickness into the spinal canal and caused laminar fracture. (36) . They made a tiny unicortical hole at the middle of the contralateral lamina enabling seeing directly the screw through that hole to prevent violating the spinal canal, and they reported good clinical results in 12 patients.
It was reported that the C2 laminar screw technique provided high fusion rates. Dorward et al. noted a 97.6% fusion rate in a series consisting of 41 patients who received C2 laminar screws (7). Singh and Cree reported 8 children aged between 2 to 17 years without any complication, and all patients maintained stable constructs on imaging studies at the last followup evaluation after 1 to 24 months (31). Savage et al. reported a series consisting 18 children younger than 5 years of age where 11 (91.7%) of the 12 patients followed for 6 months or longer showed radiographic stability or completed fusion (29) .
In the series consisting of 27 adult patients by Meyer et al. (23) , the fusion rate for patients with C1/C2 fixation was 92.9%. On the other hand, Parker et al. reported that the 1-year durability of C2 laminar screws might be inferior to C2 pedicle screws for subaxial (C2 to caudal) fusions, but equally effective for axial (C1-2 or C1-3) cervical fusions (25) . In our series, the fusion rate was 75% in 16 patients whose radiological follow-up period was longer than 6 months. However, the unilateral C2 laminar screw was loosened in only one patient out of 4 cases in whom fusion did not develop (6.25%). In other 3 patients without fusion, laminar screws were good but other screws were loosened or fully got out.
When the diameter of the lateral part of the lamina was thinner than 4.5 mm but the medial part was thicker, we preferred to use a shorter screw not reaching the thinnest part of that lamina instead of using a unilateral screw. It is mandatory to evaluate the preoperative CT scan carefully, to measure the size of the lamina and to estimate the length of the screw for ensuring adequate bone for the screw (9). However after a careful evaluation of radiologic anatomy, some modifications of the technique can be performed to strengthen the hardware with more penetration area in the bone.
Laminar screw fixation is increasingly used at the C2, C7 and upper thoracic levels. However, there were only a few case reports that presented their use at the subaxial levels other than C7. Alvin et al. (1), and Shin et al. (30) reported that acceptance of unilateral laminar screws at the C3-6 levels was quite lower than C2 or C7, and acceptance of bilateral screws was very low. Tanabe et al. reported 3 cases who underwent C3-6 laminar screws and one of them was a 15 year-old child (33). Chamoun et al. reported 7 children who underwent axial or subaxial laminar screws with bilateral C3 laminar screw in one patient (3). Hong et al. reported 11 adult patients but they used 1.6 or 2 mm mini-screws and mini-plate to fix the open laminae and it was therefore not a real stabilization procedure (11). We performed 4 C3 to C6 laminar screws in 2 patients. In a 6 year-old boy with a high degree of congenital craniocervical abnormalities, a unilateral screw at the C5 and bilateral screws at the C6 were placed, and in an adult female patient with cervical deformity due to infection, unilateral C6 laminar screw fixation was performed with a contralateral lateral mass screw because one lateral mass was fractured during surgery.
In the first patient in our series, we used a hybrid system with a pedicle screw in one side and a laminar screw in the other. Du et al. reported a series consisting of 11 cases treated with such a hybrid system for C2 fixation with a good bony union (8), as in our patient. Sairyo et al. introduced their strategy for safe screwing and its clinical results in a series consisting of 17 patients and 146 screws, and they recommended the use of C2 laminar screws when the C2 pedicle is thinner than 3.5 mm (28). We performed laminar screws mostly in patients with an anatomical handicap to using other types of screws in the first few years of the study period. However, thereafter we used the technique as the first choice in most of our patients without any anatomical handicap because of the simplicity of the technique and the low risk rate.
It is very important for the laminar screw technique for the laminar height at midline to be at least twice the screw diameter as the two screws cross at the midline (35) . In the series of Takayasu et al. (32) , 83% of the patients had unilateral use and only 17% had bilateral use among the 24 patients who underwent C2 laminar screws. In our series, there were 2 cases with a laminar height less than 9 mm at midline. In both of these cases together with another one who underwent a C2 laminar screw procedure, the C2 spinous process was bifid almost entirely along its length, and a modification of the technique of screw insertion was required. In these cases, the screws were inserted from the medial sides of the bifid spinous processes instead of the lateral sides and shorter
